Abstract The authors followed up 20 patients with multiple diaphyseal fractures of the radius and ulna who were treated nonoperatively and who healed with axial deviation >5°in at least one plane 20.4 ± 6.7 years after radiographic evidence of fracture union. Mean age at follow-up was 28.6 ± 6.4 years. Radiographs were measured soon after reduction, at 10 days from reduction, at the end of treatment, and at follow-up (17/20). Both elbow and forearm range of motion (ROM) were compared with those of the contralateral side. At follow-up, ROM was normal and radiographs showed angular deviations <5°.
Introduction
Forearm diaphyseal fractures account for about 45% of childhood fractures and over 62% of upper limb fractures. In most cases, the age of the children affected is <5 years, with fractures occurring in the middle third of this age range accounting for 15-18% of all cases [11] . Recent studies report an increasing tendency to perform closed or, if necessary, open reduction and internal fixation (CRIF vs. ORIF) using Kirschner wires or elastic intramedullary nails [9, 13, 15] . The aim of our retrospective study of paediatric cases treated non-surgically between 1970 and 2000 was to detect motor deficit and/or axial deviations at the end of growth in fractures not optimally aligned at consolidation.
Methods
We reviewed the clinical records and radiographs of 215 patients with multiple forearm diaphyseal fractures who were hospitalised and treated in the Second Department of Orthopaedics. Among these, 70 underwent simple reduction and plaster cast application and presented at consolidation with an axial deviation >5°in at least one plane. All patients were contacted by telephone, but only 20 presented themselves for clinical follow-up and three refused to be submitted to X-ray examination. Therefore, our study included 15 males and five females. The fracture was on the left side in 11 cases and on the right in nine. Associated lesions were Gustilo I open fracture and simple slipped epiphysis of the homolateral distal radius. Median age at fracture was 7.5 years (range: 3.8-13.6; mean: 8.2 ± 3 SD). Median age at follow-up was 27 years (range: 7-41; mean: 28.6 ± 6.4 SD). Median time to radiographic evidence of fracture union and follow-up, expressed as years, was 19 (range: 11-34.8; mean: 20.4 ± 6.7 SD).
For all fractures, treatment included non-surgical reduction under general anaesthesia and application of an aboveelbow plaster cast for 40 days, with adequate rotation of the forearm to obtain optimal reduction. The first radiograph was made soon after reduction and application of the plaster cast; the final one was made at plaster cast removal. A second forearm plaster was not required.
We evaluated 20 patients who presented themselves for follow-up evaluation of elbow and wrist range of motion (ROM) and forearm pronation/supination movements and compared these findings with those of the contralateral arm which had no trauma. The radiographs of the treated patients who underwent follow-up evaluation were measured by the three authors independently without consultation. The degrees of axial deviation and the percentage of lateral shift were measured on the post-reduction radiographs at 10 days and at consolidation. We considered an axial deviation ≤5°to indicate acceptable alignment.
Results
Clinical results of these 20 patients showed that the fractured limb and contralateral limb had the same ROM. All of the patients who engaged sports (not competitive) before the injury fully resumed their activities after the fracture. At the time of the follow-up two patients had physically demanding jobs (blacksmith, truck driver). The results of radiograph measurements immediately after reduction, at 10 days after reduction, and at consolidation are reported in Tables 1, 2 and 3 . At follow-up, radiographs did not show axial deviations ≥5°and, therefore, the bones were considered to be aligned.
Discussion
The treatment of multiple forearm fractures is aimed at obtaining optimal reduction, especially in terms of adequate rotation, which should be maintained until consolidation so that there is no tendency to spontaneous remodelling with growth [2, 11] . It is well known that post-fracture axial deviations in growing subjects are more easily and rapidly remodelled, with the younger the patient and the closer the fracture to the growth cartilage, the higher the tendency for remodelling [16] . According to some authors, malunions >20°are remodelled with growth in children <5 years of age [12] (Fig. 1) ; other authors report corrections of the deformity of about 1.5°/month [10] . Deviations >20°result in deficits of forearm pronation/supination [8, 12] and are probably due to alterations in the normal curvature of the radius, which is estimated to be 60.39% of the overall length of the radius starting from bicipital tuberosity and should not exceed 10% of radius length [3] .
Measurements made on radiographs were reliable, as demonstrated by the data obtained by the three authors carrying out separate evaluations: there were no statistically 51.4 ± 30 50 (10-100) significant differences, taking as reference the evaluations of the most experienced author (SB). The analysis of the data for treated fractures showed a tendency to remodelling in children aged <7.5 years in the period between radiographic examination at 10 days and consolidation. This tendency was never observed in children aged >7.5 years (Fig. 2) ; however, the low number of fractures examined does not allow definitive conclusions to be drawn. These data seem to support the results reported by Gustilo and Anderson [4] , Creasman et al. [2] , Ostermann et al. [8] , Jones and Weiner [7] , Johari and Sinha [6] , Hahn et al. [5] , and Schmittenbecher et al. [14] .
Analysis of the remaining cases showed that remodelling occurs even when malunion is present in older children with residual growth potential. On the basis of our data, it is not possible to determine how many years a child aged over 10 years needs, to obtain complete correction of residual deformity. This remodelling potential has not yet been reported in the literature since there are no retrospective studies with sufficiently long mean follow-up in a sufficiently large case series.
As reported by Blount [1] , we could observe that even 100% lateral shift -i.e. a simple contact of cortices -did not cause long-term consolidation or motility problems.
The three patients who refused the radiograph considered the examination unnecessary since their clinical conditions were normal. For these patients, we assumed a complete bone remodelling.
The study of malrotation was not possible since the radiographs available were not sufficient to carry out such an analysis.
Based on our retrospective review of these 20 cases, we draw the same conclusions expressed by Blount in 1955 in his volume Fractures in children, namely: "too many men treat roentgenograms instead of children". Actually, axial deviations up to 20°and lateral shift reaching 100% are not a problem in growing children, at least not until 12-13 years of age. 
